Seven neonates required intensive care at our institution with enterovirus myocarditis, [2001] [2002] [2003] . Presentation was at a median age of 9 days. All had ischaemic electrocardiograms, poor ventricular function, raised creatine kinase, and enterovirus RNA detected by reverse transcriptase polymerase chain reaction. Four survived. Enterovirus myocarditis may be an under recognised cause of neonatal collapse. E nteroviruses are single stranded RNA viruses of the picornavirus family. Although most enterovirus infection is subclinical or mild, in the neonatal period, enterovirus can cause meningoencephalitis, sepsis syndrome, hepatitis, or myocarditis. 1 However, enterovirus myocarditis is not often in the differential diagnosis of neonatal collapse. Here, we report a series of cases of neonatal enterovirus myocarditis presenting to our institution between 2001and 2003. We describe its presentation, management, and pathophysiology.
Seven cases were identified (table 1) . Median gestational age was 38 weeks (range 36-40). Five infants were born by spontaneous vaginal delivery, and two by caesarean section. The median age at presentation was 9 days (range 5-18). In six cases there was cardiorespiratory collapse requiring intubation, ventilation, volume resuscitation, and inotropes. In case 7, the infant presented at 15 days with heart failure and required nasal continuous positive airways pressure and diuretics but no inotropes. Creatine kinase was assayed in five patients, and myoglobin (MB) fraction in three patients. Median creatine kinase was 427 IU/l (222-1344, normal , 120) with a MB fraction of 13% (11-25, normal , 5).
All had ischaemic electrocardiograms ( fig 1) and on echocardiography had anatomically normal hearts with poorly contractile, dilated left ventricles. Anomalous origin of the coronary arteries was excluded, and coronary flow was normal in all cases. Four patients had paradoxical septal motion, and thus a shortening fraction could not be calculated. The median fractional shortening in the remaining three infants was 10% with a range of 9-10% (normal . 30%).
Four infants had global myocardial dysfunction with a closed arterial duct. Three had a relatively spared right ventricle and a patent arterial duct with right to left flow. The latter infants had single ventricle physiology and were managed with prostaglandin E1 to maintain ductal patency and avoidance of both hyperoxia and alkalosis to maintain the systemic circulation. One infant was managed with this strategy for three weeks, by which time sufficient recovery had occurred to permit withdrawal of prostaglandin E1. The other two infants developed right ventricular failure shortly after admission and required extracorporeal membrane oxygenation (ECMO).
Four of the seven infants required ECMO because of failure to respond to escalating doses of inotropic support. Three of these subsequently died. Two died when intensive care was withdrawn after 7-10 days as no ventricular recovery had occurred.
All three infants who were managed without ECMO survived. One infant has recovered normal ventricular function and is weaning medical treatment. The other two have impaired ventricular function and are receiving medical treatment for cardiac failure. One continues to have a very echo bright appearance in the anterior septum, which probably represents fibrous scarring (fig 2) . Diagnosis of enterovirus infection was by detection of enterovirus RNA by reverse transcriptase polymerase chain reaction of blood (n = 6), cerebrospinal fluid (n = 2), or throat swabs (n = 1) as previously described. 2 Maternal blood was tested for enterovirus IgM in three cases and was positive in two cases, suggesting the possibility of both horizontal and vertical transmission. One infant, who subsequently died, was treated with pleconaril, an orally administered antiviral agent with specific activity against the enterovirus family. 3 
DISCUSSION
Left ventricular dysfunction in the neonatal period is recognised as a complication of sepsis, birth asphyxia, metabolic disease, or structural abnormalities such as aberrant left coronary artery or hypoplastic left heart syndrome. Although myocarditis has been reported as a rare but serious consequence of enterovirus infection in the neonatal period, 1 4 the condition is not widely recognised. Four of the seven cases in this series had global ventricular dysfunction whereas three had severe left ventricular dysfunction, a relatively preserved right ventricle, and duct dependent systemic circulation. The latter group had reduced post-ductal oxygen saturation due to right to left shunting through the arterial duct. Similar physiology is seen in the hypoplastic left heart syndrome and has been reported following neonatal myocardial infarction. 5 In this scenario, it is vital to maintain ductal patency with prostaglandin E1 to provide systemic perfusion. The critical balance between the systemic and pulmonary circulation must be maintained by avoidance of hyperoxia and alkalosis.
Enterovirus infection is increasingly reported in cases of sudden unexplained death in infancy, 6 raising the possibility that it may be more common than previously thought. With the advent of pleconaril, such infections may also be treatable. Further research is required to delineate the size of this problem and to determine the effectiveness of pleconaril in the neonatal population.
In conclusion, neonatal enterovirus myocarditis may be an under recognised cause of neonatal collapse. The diagnosis is suggested by an ischaemic electrocardiogram, raised cardiac enzymes, and left ventricular dysfunction on echocardiography with normal coronary arteries. These infants are best managed by recognition of heart failure, avoidance of hypotension, and transfer to an ECMO centre. Infants with reduced post-ductal saturations are likely to have duct dependent systemic circulation, requiring measures to ensure ductal patency and to maintain the systemic circulation. 
